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ABSTRACT

Occurrence of planetary systems in the universe
is discussed in light of what has been learned from a
study of stellar rotation. It has been found that
planetary systems are expected to be associated with
most main-sequence stars, However, the Jovian-like
planets around the early-type stars may not be as
massive as Jupiter and their terrestrial-like planets
are likely located beyond 10 A.U. from the central
star. Also, the mass and the size of our own planetary

system appear to be normal among those associated with
solar-type stars.
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The only planetary system that we have observed is o
our own solar systen, 'Consequently, it is highly speculativo"
to talk about planetary systems in general as the present -
author trys to do in this paper. However, if we are
interested in life outside the solar system, perhaps the
nature and frequcntry occurrence of planetary systems in
_ space is one of the most important problems facing those
" who are talking about interstellar communications)/ Apart
from this consideration the existence of p1anetary~systémsif
N other than our own is itself a fascinating subject whose :
» . interest is not limited to the astronomer alone. :
_ In the past when we talked about the possible population
. of planetary systems in space, we usually linked them with_.-'
- population of binary systems, because they share the common.

. property of possessing large angular momentum.2’3 Such a -

linkage between planetary systems and binary systems over- : ..

©  looks however the important fact that planets in our own B
A:'planetary system are revolving around the sun in nearly .

. circular orbits while the eccentricities of binary orbits

" can vary from 0 to nearly onme, a fact which has recently neeniii;tiﬁﬁ

. emph?z7zed by Kumar\é/fror this reason the planets that
PR BrownY has discussed recently are not bona fide planets in -
" a planetary system.but are rather individual planets - like‘x '

- "iﬂ.objects floating in space singly or in groups., These: obdects{ﬂf :

" which are not members of a system that has the characteristics
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» . of our own planetary system will be excluded from our D S |
R : . : T :_",A 4
present discussion. Hence for planetary systems themselves, .. 'ﬁg

the present paper may represent the first attempt to discuss JEUTR

: S

S quantitatively their nature and frequency distribution in :
RO space. Naturally the result derxved here should be regarded
;gﬁf as tentative. By presenting tnis result however the '
o author trxs to focus this problem 'and invites further
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discussions on this interesting subject. ‘
Most scientists now agree that our planetary system
;7 must have evolved from a rotating disk of gases and dust.
fﬂ}qf This explains the nearly circular orbits of planets. There-
E fore in order to find the frequency of planetary systems in
space, we should investigate how a rotating disk of gases and
dust may be formed around a star. This brings us to the x;
problem of rotating stars. L
B Struve\) discovered that main-sequence stars of ea:ly}h
- spectral types (0, B, A) show statistically high rotation.
'.?}But rotation stops quite abruptly at F5. Few main-sequence’
'; stars later than F5 that are not components of binaries
: {? rotate with equatorial velocities that arétségectable with
"”{5Athe present means of observation, :
l,. It has therefore been speculateéz/é;at the missing
' - angular momentum of late-type main-sequence stars may be
absorbed in the planetary systems that are associated with
these stars. For we see no reason why angular momentum of
stellar material should have a discbntinuity at F5. Questions ' :
~can then be raised: Why do the early-type stars keep their
i, angular momentum in stars themselives, whiie the iate-t o
. keep their angular momentum in planetary systems.z The answer ' _i‘ .
'~ *  obviously lies in the braking mechanism of stellar rotation.ﬁf;j,”fhv
\ The braking mechanism transfers angular momentum outward o
(Q;' from stars to the surrounding medium. When the surroundinglf'”“
: medium acquired the angular momentum, it collapses into a E
disk from which a planetary system may be formed. - In 1959 |
however we didn't have an effective braking mechanism for
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transporting angular momentum outward. Consequently, no Lhﬁtglfl“f{ﬁ
 further study was made along this line of reasoning. R
In the intervening years we have witnessed many
T. successful theories which all require that the primeval sun amo(
-+ - starsmust have strong magnetic activities. These theories '
. . have been summarized elsewhereg.' ‘As a result of these '
: z& theories, we now have a good magnetic braking mechanism of-j
. stellar rotation.q’ 9 All these recent developments induce ‘
- the present author to undertake once more a study of the
"-relationship between stellar rotation and planetary systenm
formation.
In making the study, we have assumed that three
.. components of the angular momentum per unit stellar material
;fiﬂf is distributed according to the Gaussian error curve. This
'\ff;assumption is based on the result of statistical studies of
:ﬂhﬁf observational data by Struve and the present writer)ey/ By.
O examining the observed rotational behavior of stars in :
different spectral types we can estimate not only the degreesf‘.
of braking that stars have suffered but also the original
distribution of angular momentum per unit mass of pre-stellar : M
condensationsNE%%he most probable value for the angular momentum~
per unit mass of pre-stellar condensations is 3 x 10! cm /see,-
. Main-sequence stars of spectral types O, B and A have been
,“' slightly braked. Those of spectral types G, K and M have been
" braked nearly to rest. f
| The braking of stellar rotation simply" means a process §
of transporting angular momentum outward. Hence, the angular .
. momentum is absorbed im the surrounding medium that may be
the remnant of star formation. Hence, the missing angular
o momentum in the star must be stored in the surrounding medium."
_t;g>After acquiring the angular momentum the” latter will inevitably :
_f"collapse into a rotating gaseous disk from which a planetary'u*
;i1*system will emerge as a result of local COndensatiens - a’:;
fﬂ{fitopic that has been extensively discussed in’eonpect;qn;with]
'ﬂgﬂ;the formation of our own solar system, T S Y.
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We have discussed the transport of angular momentum from f;¢‘
the star to the surrounding medium. A question may be '
' raised: Is there always a medium surrounding the newly forned
star? In the first place most investigators on the origin
- of the solar system assumed a solar nebula as a remnant of
formation of the sun. Similarly, we may postulate that a fffﬁ{flitf”;
similar remnant is there in any newly formed star. However, _f*zu -
a more forceful reason for the existence of such a medium is'ﬂ
~ the fact that rotation of main-sequence stars has been brakedr
. For without such a medium in the immediate neighborhood fhepﬂ
..~ star cannot dissipate its angular momentum effectively even.ﬁ
by magnetic means. Most particles that have been ejected i
along magnetic lines of force from the star will eventually_7
‘return to the star without losing their angular momentum, if‘“
nothing on their way absorbs the momentum. This situation ‘}r
may be compared with the geomagnetic field. High energy
- charged particles spiral back and forth along the magnetic :
. lines of force in the Van Allen belt but they do not dissipatef§
:f the angular momentum of the earth's axial rotation. S
, Since we have determined from empirical data the distr:L-'v--:';‘T
‘bution of angular momentum per unit mass of pre-stellar o
condensations as well as the degree of braking of stellar
rotation in each spectral type, we can immediately find the_f“:4 ‘
distribution of total angular momenta in various planetary f‘f{TL:}  :
systems. To simplify the description of a planetary system,ﬁﬂj'7"'“
. we may define the "equivalent planet" as a fictitious planet
'that possesses the total mass and total angular momentum of . e
..f the entire planetary system. Hence, the dynamical property .- ‘
.~ of a planetary system may be roughly (though not completely)
“defined by the mass and its location of the equivalent planet.
In this way the distribution of varieties of planetary systems”
f may be represented by the distribution of points on the -}
- versus a diagram where m and a Trepresent respectively
the mass and the orbital radius of the equivalent planet of - ¥

" each system.
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?T;ﬂ‘ For stars of the solar and later spectral types, all ‘ o
.~ angular momentum that was previously contained in the pre~ . - ..

2
R

}}~ stellar condensations is now stored in the planetary system. - ' .. ™ °
N Accordingly, we can plot the disfribution of equivalent R
planets in the m versus a diagram. For stars with mass
equal to 1 solar mass, the most probable place that the
equivalent planets may be located is near the centrafline
in Figure 1. The chance of finding them decreasesas we Af
go away from these most probable locations. In 50% of cases,'-”
the equivalent planets should lie between two lines marked
by 50%. Similarly, in 98% of cases, the equivalent planets
should lie between two lines marked by 98%. Therefore, it
- is interesting to note that the equivalent planet corresponding
“;;_to our own planetary system lies slightly below the lower 50% >‘
‘ .1ine and is within the expected region. - S
At this point we may inquire what will be the effect
. on the equivalent planet of our own system as a result of R
-’ mass dissipation before the planets were formed from the gaseoueifﬁ~-7
. disk. If the angular momentum were strictly conserved ‘“ﬂ
‘; during the mass dissipation stage, the angular momentum of our '
system would be slightly less than the most probable value.
But during the mass dissipation stage some angular momentum oo
may have been lost, though unlikely in any large amount becauseﬁtﬁ”f7 x3
. only those particles with small angular momenta can easily l ;i:, :
escape. Consequently, we may conclude that our planetary systemfsiﬁf (?
~ is a normal one for the solar type stars. In other words, ':f‘ B
' most solar-type stars are expected, according to the present‘;fiféﬁf‘
theory, to possess similar planetary systems. L
It may be mentioned that for stars less massive than tne
sun, the corresponding m versus a diagram for equivalent
planets can be obtained by shifting the entire diagram .
-+ vertically by an amount of % log (M/M@) where M is the mass -
fq_of star. Hence, statistzcally, the planets may be either
' smaller than or nearer to the central star than do the planets
in the solar system. If so, the chance of life emergence gn Fo
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Figure 1 - The general behavior of planetary systems g?‘
associated with the solar-type stars according to thelf
present theory. It shows the probable location where:f3v.
the mass and the orbital radius of the equivalent .
planets will be found, the equivalent planet being ‘f
defined as a planet which possesses the total mass as- .
well as the total angular momentum of the entire »

planetary system associated with each solar-type star.;'
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‘  those planets may be reduced. For small planets will have a o  !?
difficulty to maintain the necessary atmosphere for supporting. - - ol

life while planets near to the central star will suffer a

large tidal force whose synchronizing effect om rotation and-jiéf;ff

revolution may cause extreme temperatures in two hemispheres :ﬁ‘
«of the planets that are .not congenial to life. B
, For the early-type stars the braking of rotation is
not complete. Hence, we can estinate from the observed
i; "+ behavior of stellar rotation the maximum amount of braking.
»ffé3'From the latter we can calculate the maximum amount of angulaff
"’ momentum of the planetary systems that are associated with
these stars. A similar m versus a diagram like Figure 1;
can thereby be drawn. For a B5 star we have found that the -
... upper limit of equivalent planets may be represented by a
f:,line nearly coinciding with the lower 50% line in Figure 1.
Hf The most probable positions for the equivalent planets are
i'near this upper limit. From this study we expect that main-
- sequence early type stars can also possess planetary systems.

-+ However, because of high temperatures of these stars, Jbvian-:i,Aﬂ_§7?
Ji.: like planets associated with them may be farther away from the =" "

, iig central star than are the Major planets of our own system from

'5f;; the sun. This is predicted on the assumption that it needs jﬁ-fﬁ‘

"' low temperatures to incorporate hydrogen and helium into
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.. condensations that are to become Jovian-like planets§€>hencep ?{»_ﬁji-'

o the planet-like objects that may be floating in interstellar '1;

. space but do not belong to a planetary system are Jovian-likq;ﬁ

“.. while terrestrial-like planets perhaps exist only'in\thQJ}f ‘
'fgﬁt,planeta:y systems that are revolving around starg;}xjj}f}
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